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(54) FERROELECTRIC STORAGE DEVICE 

(57) To present a ferroelectric memory device capa- 
ble of further decreasing fluctuations of reference 
potential in reference memory eel) system. To achieve 
the object, the ferroelectric memory device comprises, 
as shown, for example, in FIG. 1, a reference potential 
generating circuit in a system for generating a reference 
potential by averaging the potentials being read out 
from two ferroelectric capacitors for reference memory 
cells CD00, CD20 storing data of high level, and two fer- 
roelectric capacitors for reference memory cells CD10, 
CD30 storing data of low level. 
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Description 
TECHNICAL FIELD 

The present invention relates to a ferroelectric s 
memory device. 

BACKGROUND ART 

Recently, by using a ferroelectric material in the 10 
capacitor of memory cell, a ferroelectric memory device 
realizing nonvolaiOlty of stored daia is devised. Tne fer- 
roelectric capacitor has a hysteresis characteristic, and 
if the electric field is zero, a residual polarization of dif- 
ferent polarity depending on the hysteresis is left over. 15 
By expressing the stored data by the residua! polariza- 
tion of the ferroelectric capacitor, a nonvolatile memory 
device is realized. 

The specification of United States Patent No. 
4,873,664 discloses two types of ferroelectric memory 20 
device. 

In a first type, a memory cell is composed of one 
transistor and one capacitor per bit (1T1 C), and a ferro- 
electric capacitor for reference memory cell is provided 
in, for example, every 256 ferroelectric capacitors for 25 
main body memory cells (normal cells). 

In a second type, without using ferroelectric capac- 
itor for reference memory cell, a memory cell is com- 
posed of two transistors and two capacitors per bit 
(2T2C), in which a pair of complementary data are so 
stored in a pair of ferroelectric capacitors for main body 
memory cell. 

For a larger memory capacity, the 1T1C type is 
advantageous, and at this time, for low voltage opera- 
tion and operation for a longer life, the design of ferroe- 35 
lectric capacitor for reference cell is important in the 
ferroelectric cell capacitor for main body memory cell. 

As the ferroelectric material for composing capaci- 
tor, KNO3. PbLa 2 0 3 -Zr02-Ti0 2 , and PbTi0 3 -PbZr0 3 
are known among others. According to PCT Interna- 40 
tional Disclosure No. W093/12542 Publication, ferroe- 
lectric materials extremely small in fatigue as compared 
with PbTi0 3 -PbZr0 3 suited to ferroelectric memory 
device are aJso known. 

The constitution of conventional ferroelectric mem- 45 
ory device of 1T1C type is described briefly below. 

FIG. 7 is a memory cell block diagram, FIG. 8 is a 
sense amplifier circuit diagram, and FIG. 9 is an opera- 
tion timing chart. 

In FIG. 7, COO to C37 refer to ferroelectric capaci- so 
tors for main body memory cells, CDOO to CD31 are fer- 
roelectric capacitors for reference memory cells. CPD is 
a cell plate driver, and REWO and REW1 are reference 
memory cell rewrite signal lines. In addition, SAO to SA3 
are sense amplifiers, and CP is a cell plate signal. And 55 
WUO to WL7 are word lines, RWLO and RWL1 are refer- 
ence word lines, and BLO to BL3, /BLO to /BL3 are bit 
lines. In FIG. 8 and FIG. 9, BP is a bit line precharge sig- 



nal, and /SAP, SAN are sense amplifier control signals. 
Besides, VSS is a grounding voltage, and VDD is a sup- 
ply voltage. 

In the memory cell composition, for example as 
shown in the diagrams, bit lines BLO and /BLO are con- 
nected to the sense amplifier SAO. Further, a ferroelec- 
tric capacitor for main body memory cell COO is 
connected to the bit line BLO through an N-channel 
MOS transistor Tr1 having word One WLO as its gate. To 
the bit line /BLO, moreover, a ferroelectric capacitor for 
reference memory cell CDOO is connected through an 
N-channel MOS transistor Tr2 having reference word 
line RWLO as its gate. The ferroelectric capacitors COO. 
CDOO are connected to the cell plate signal line CP 
which is driven by the cell plate driver CPD. 

The bit lines /BLO and /BL1 are connected through 
an N-channel MOS transistor Tr3 having the reference 
word line RWLO as its gate. The bit line BLO and ferroe- 
lectric capacitor for reference memory cell CDOO are 
connected through an N-channel MOS transistor Tr5 
having the reference memory cell rewrite signal line 
REWO as its gate. 

As shown in FIG. 8, the sense amplifier SAO is con- 
trolled by sense amplifier control signals /SAP, SAN, 
and the circuit is thus composed so that precharge of bit 
lines BLO and /BLO is controlled by the bit line precharge 
signal BP. 

In this conventional ferroelectric memory device in 
1T1C composition is based on a method of using two 
ferroelectric capacitors of nearly same size as the ferro- 
electric capacitor for main body memory cell, reading 
out one H (high) data and one L (low) data, and averag- 
ing these two data (see Japanese Laid-open Patent No. 
7-262768). 

The operation of this conventional ferroelectric 
memory device of 1T1C composition is described by 
referring to FIG. 9, mainly relating to selection of word 
line WLO. 

First, the bit lines BLO and /BLO are precharged to 
logic voltage L when the bit line precharge signal BP is 
H. Similarly, the bit lines BL1 and /BL1 are precharged 
to logic voltage L 

Consequently, when the bit line precharge signal 
BP is set to logic voltage L, the bit lines BLO and /BLO, 
and the bit lines BL1 and /BL1 are set in floating state. 

Next, the word line WLO and reference word line 
RWLO are set in logic voltage H, and the cell plate signal 
line CP is set to logic voftage H. Herein, the potential 
level of logic voltage H of the word line WLO is a voltage 
boosted over the supply voftage VDD. Since the refer- 
ence word line RWLO is set to logic voltage H, the N- 
channel MOS transistors Tr2 to Tr4 are turned on. In this 
description, as mentioned above, for example, when the 
word line WLO is set to logic voltage H, it means that the 
potential of the word line WLO is set to logic voltage H. 

At this time, an electric field is applied to both elec- 
trodes of the ferroelectric capacitors COO, CDOO, C10, 
CD10 individually, and each potential is determined by 
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the capacity ratio of the ferroelectric capacitor and bit 
line capacity. Their potentials are read out from the indi- 
vidual bit lines BLO. /BLO, BL1, /BL1. 

At this time, the date being read out from the ferro- 
electric capacitor for reference memory cells CDOO and s 
CD10 are averaged data (potential) of the two data 
because the N-channe) MOS transistors Tr2 to Tr4 are 
turned on and hence the bit lines /BLO and /BL1 are 
connected electrically. Herein, H (high) data is recorded 
in the ferroelectric capacitor for reference memory cells 10 
CDOO and CD01 , and L (low) in the ferroelectric capac- 
itor for reference memory cells CD10 and CD1 1 . 

Then, setting the reference word line RWLO to logic 
voltage L, and turning off the N-channef MOS transis- 
tors Tr2 to Tr4, the bit line /BLO and bit line /BL1 are 15 
electrically disconnected. 

Consequently, the sense amplifier control signal 
/SAP is set to logic voltage L and the SAN to logic volt- 
age H, the sense amplifier is operated. 

As a result, the potential being read out to the bit 20 
line is amplified to the supply voltage VDD and ground- 
ing voltage VSS. 

The reference memory cell rewrite signal line 
REWO is set to logic voltage H. so that it is now ready to 
write the potentials of H (high) and L (low) for next read- 25 
ing operation. r» the tenoe*ectrc capacitors for refer- 
ence memory ceft* CDOO and COlO 

As the rewriting operation consequently, the cell 
plate signal CPttsdtc 109c mortage L. Afterwards, the 
bit line precharge signal BP is set to logic voltage H and 30 
the bit lines BLO and /BLO are precharged to logic volt- 
age L, and the word Ire WLO and reference word line 
RWLO are set to logx voltage L. to be set in initial state. 

In this way. m the conventional ferroelectric memory 
device of ITlC type, when the word line WLO is 35 
selected, the reference potential used when reading out 
the potentials of the bit kne BLO and bit line BL1 is the 
average of the tenoelectnc capacitor for reference 
memory cells CDOO and CD 10. The average value is 
read out from the brt lines /BLO and /BL1 . The reference 40 
potential used when reading out the potentials of the bit 
line BL2 and bit line BL3 is the average of the ferroelec- 
tric capacitor for reference memory cells CD20 and 
CD30. The average value is read out from the bit lines 
/BLO and /BL1 . as 

Incidentally, when the word line WL1 is selected, 
the role of the bit line pair is reversed, and the ferroelec- 
tric capacitors for reference memory cells are also dif- 
ferent. 

That is, the reference potential used when reading so 
out the potentials of the bit line /BLO and bit line /BL1 is 
the average of the ferroelectric capacitor for reference 
memory cells CD01 and CD11. The average value is 
read out from the bit tines BLO and BL1 . The reference 
potential used when reading out the potentials of the bit ss 
line /BL2 and bit line /BL3 is the average of the ferroe- 
lectric capacitor for reference memory cells CD21 and 
CD31. The average value is read out from the bit lines 
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BLO and BL1. 

Therefore, in the constitution shown in FIG. 7, for 
eight word Ones WLO to WL7, there are four types of ref- 
erence potential. 

However, the reference memory cell system of the 
conventional ferroelectric memory cell device of 1T1C 
type had the following problems. 

That is, hitherto, two ferroelectric capacitors for ref- 
erence memory cells in which H (high) and L (low) data 
are written individually (for example, ferroelectric capac- 
itors for reference memory cells CDOO and CD10) were 
electrically connected, both potentials were averaged, 
and the average was used as the reference potential for 
reading out the data. As a result, due to fluctuations of 
these ferroelectric capacitors for reference memory 
cells, the reference potentials were varied. As a result, 
the ideal reference potential which should be always the 
same value was not always obtained, and the yield of 
the ferroelectric memory device was lowered. 

In particular, such fluctuations of ferroelectric 
capacitors for reference memory cells were closely 
related to the layout configuration, and if the configura- 
tion of the ferroelectric capacitors for reference memory 
cells and the ferroelectric capacitors for main body 
memory cells was remote from each other, an ideal ref- 
erence potential could not be obtained. 

Moreover, in the reference memory cell system of 
the conventional ferroelectric memory cell device of 
1T1C type, the N-channel type MOS transistors and fer- 
roelectric capacitors for reference memory cells as con- 
trol signals and control switch elements were required in 
each bit line, which occupied a wide area in layout. 

DISCLOSURE OF THE INVENTION 

In the light of the problems of the prior art, it is 
hence an object of the invention to present a ferroelec- 
tric memory device capable of reducing the fluctuations 
of the reference potential substantially from the conven- 
tional level. 

A present invention according to claim 1 is a ferroe- 
lectric memory device for storing nonvolatile data in fer- 
roelectric capacitors for main body memory cells, 
comprising: a plurality of first ferroelectric memory cells 
for storing substantially data of high level, a plurality of 
second ferroelectric memory cells for storing substan- 
tially data of low level, equalizing circuit means for aver- 
aging the potentials being read out from the first and 
second ferroelectric memory cells, and reading means 
for reading out the data stewed in the ferroelectric capac- 
itors for main body memory cells, by utilizing the aver- 
aged potential as a reference potential. 

A present invention according to claim 7 is a ferroe- 
lectric memory device for storing nonvolatile data in fer- 
roelectric capacitors for main body memory cells, 
wherein word lines for selecting the ferroelectric capac- 
itors for main body memory cells and bit lines used in 
reading of the potentials from the ferroelectric capad- 
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tors for main body memory cells are arranged in a 
matrix, comprising: a ferroelectric memory eel! for refer- 
ence shared for the different word lines, and reading 
means for reading out the data of the ferroelectric 
capacitors for main body memory cells, by utilizing the 5 
reference potential obtained on the basis of the poten- 
tial being read out from the ferroelectric memory ceil for 
reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

FiG. i is a memory ceii biock diagram in a first 
embodiment of the invention. 

FIG. 2 is a memory cell block diagram in a second 
embodiment of the invention. 75 

FIG. 3 is a memory cell block diagram in a third 
embodiment of the invention. 

FIG. 4 is a memory cell block diagram in other 
example of the third embodiment of the invention. 

FIG. 5 is a memory cell block diagram in a fourth 20 
embodiment of the invention. 

FIG. 6 is a memory cell block diagram in other 
example of the fourth embodiment of the invention. 

FIG. 7 is a memory cell block diagram in a prior art. 

FIG. 8 is a sense amplifier circuit diagram in a prior 25 
art. 

FIG. 9 is an operation timing diagram in a prior art. 
REFERENCE NUMERALS 

30 

C00-C37 Ferroelectric capacitor for main body 
memory cell 

CD00-CD31 Ferroelectric capacitor for reference 
memory cell 

CPD Cell plate driver 35 
SA0-SA3 Sense amplifier 
CP Cell plate signal 
WL0-WL7 Word line 
RWLO, RWL1 Reference word line 
REWO, REW1 Reference memory cell rewrite sig- 40 
nal line 

EQO, EQ1 Reference potential signal line 
BL0-BL3, /BL0-/BL3 Bit line 
BP Bit line precharge signal 

/SAP, SAN Sense amplifier control signal 45 
VSS Grounding voltage 
VDD Supply voltage 

BEST MODE FOR CARRYING OUT THE INVENTION 

so 

Referring now to the drawings, embodiments of the 
invention are described below. 

(Embodiment 1) 

55 

FIG. 1 shows a constitution of a ferroelectric mem- 
ory device in a first embodiment of the invention, and 
the constitution of the invention is described below by 
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referring to the drawing. 

The sense amplifier circuit and the operation timing 
chart are same as in FIG. 8 and FIG. 9 relating to the 
prior art. 

As shown in FIG. 1, COO to C37 are ferroelectric 
capacitors for main body memory cells, and CDOO to 
CD31 are ferroelectric capacitors for reference memory 
cells. Besides, CPD is a cell plate driver, and REWO and 
REW1 are reference memory cell rewrite signal lines. In 
the ferroelectric capacitors for reference memory cells 
CDOO, CD20. suppose H (high) data is recorded and in 
the ferroelectric capacitors for reference memory cells 
CD10, CD30, suppose L (low) data is recorded. In the 
ferroelectric capacitors for reference memory cells 
CD01 , CD21 , suppose H (high) data is recorded, and in 
the ferroelectric capacitors for reference memory cells 
CD1 1 , CD31 , L (low) data is recorded. 

In addition, EQO and EQ1 are reference potential 
signal fines, SAO to SA3 are sense amplifiers, and CP is 
a cell plate signal line. And WL0 to WL7 are word lines, 
RWLO and RWL1 are reference word lines, and BLO to 
BL3, /BLO to /BL3 are bit lines. Moreover, BP is a bit line 
precharge signal, and /SAP, SAN are sense amplifier 
control signals. Besides, VSS is a grounding voltage, 
and VDD is a supply voltage. The reference potential 
signal lines EQO and EQ1 are signal tines for generating 
reference potential when the reference word lines 
RWLO. RWL1 are selected. 

As shown in the diagram, the word lines for select- 
ing the ferroelectric capacitors for main body memory 
ceils, and the bit lines used in reading of potentials are 
arranged in a matrix form. A memory cell array 
described later is composed of the ferroelectric capaci- 
tors for main body memory cells and others. 

In the memory cell array composition, as shown in 
FIG. 1, bit lines BLO to BL3, and /BLO to /BL3 are con- 
nected to sense amplifiers SAO to SA3. To the bit lines 
BLO to BL3, ferroelectric capacitors for main body mem- 
ory cells COO, CIO, C20, C30 are connected through an 
N-channel MOS transistor having word line WLO as its 
gate. To the bit lines /BLO, /BL1 , /BL2, /BL3, ferroelectric 
capacitors for reference memory cells CDOO, CD10, 
CD20, CD30 are connected respectively through N- 
channel MOS transistors Tr2, Tr4, Tr7, Tr9 having refer- 
ence word line RWLO as their gate. 

The equalizing circuit is a circuit composed of N- 
channel MOS transistors TrO, Tr3, Tr6, Tr8, etc. That is, 
the equalizing circuit is a circuit for averaging the poten- 
tials when the data stored in the ferroelectric capacitors 
for reference memory cells CDOO, CD 10, CD20, CD30 
are read out as potentials from the bit lines /BLO. /BL1 . 
/BL2, /BL3. The potential averaged by the equalizing cir- 
cuit is a reference potential used for amplifying the data 
being read out from the ferroelectric capacitor for main 
body cell by the sense amplifier. 

The ferroelectric capacitors COO to C37, CDOO to 
CD31 are connected to a cell plate signal tine CP driven 
by a cell plate driver CPD. 
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The bit line BLO and ferroelectric capacitor for refer- 
ence memory cell CDOO are connected through the N- 
channe! MOS transistor Tr5 having the reference mem- 
ory cell rewrite signal line REWO as its gate. The other 
bit lines /BLO, BL2, /BL2 are connected, like the bit line 
BLO, to the ferroelectric capacitors for reference mem- 
ory cell CD10. CD20, CD30, respectively, through the 
N-channel MOS transistors. 

The sense amplifier SAO is controlled by the sense 
amplifier control signals /SAP, SAN, and the circuit is 
composed so that the precharge of the bit lines BLO to 
BL3 and /BLO to /BL3 is controlled by the bit line pre- 
charge signal BP. The reading means of the invention 
corresponds to the sense amplifier SAO, etc. 

In this first embodiment using four ferroelectric 
capacitors nearly in the same size as the ferroelectric 
capacitors for main body memory cells, H data is read 
out from two of them, and L data from the other two, and 
these data are averaged. 

The operation of the embodiment is described 
below. 

The operation timing of the embodiment is same as 
in the prior art shown in FIG. 9. 

Herein, major different points from the prior art are 
described. That is, in the prior art, as mentioned above, 
using one H data and one L data, they were averaged to 
obtain a reference potential. By contrast, in the embod- 
iment, using a plurality of H data and a plurality of L 
data, they are averaged to obtain a reference potential, 
which is essential different from the prior art. 

In this way, in the ferroelectric memory device of the 
embodiment, when the word line WLO is selected, the 
reference potential utilized when reading out the poten- 
tials of the bit lines BLO, BL1, BL2, BL3 is the average 
value of the ferroelectric capacitors for reference mem- 
ory cells CDOO, CD10, CD20, and CD30. The average 
is read out from the bit lines /BLO, /BL1, /BL2, /BL3. 

When the word line WL1 is selected, on the other 
hand, the role of the bit line pair is reverse from the 
above case, and the ferroelectric capacitors fa refer- 
ence memory cells are also different. 

That is, the reference potential utilized when read- 
ing out the potentials of the bit lines /BLO, /BL1, /BL2, 
/BL3 is the average value of the ferroelectric capacitors 
for reference memory cells CD01, CD11, CD21, and 
CD31. This average is read out from the bit lines BLO, 
BL1, BL2,and BL3. 

Therefore, in the constitution shown in FIG. 1, for 
eight word lines WLO to WL7, there are two types of ref- 
erence potentials. The first ferroelectric memory cell of 
the invention corresponds, for example, to the ferroelec- 
tric capacitors for reference memory cells CDOO, CD20, 
and the second ferroelectric memory cell corresponds 
to the ferroelectric capacitors for reference memory 
cells CD10, CD30. 

It is a feature of the first embodiment that a nearly 
ideal reference potential is obtained if there is a fluctua- 
tion in the ferroelectric capacitors for reference memory 



cells because plural H (high) data and plural L (low) 
data are averaged so that the effect is small. 

Herein, four ferroelectric capacitors for reference 
memory cells (CDOO to CD30) are averaged, but not 
5 limited to this, the number of ferroelectric capacitors for 
reference memory cells to be averaged may be freely 
increased. 

It is thus evident that the effect of fluctuation of fer- 
roelectric capacitors for reference memory cells will be 
70 smaller when the number of fenoelectric capacitors for 
reference memory cells to be averaged is increased. 

For example, comparing the average of 16 pieces 
and the average of 2 pieces, suppose one ferroelectric 
capacitor to issue H (high) data actually delivers L (low 
is data), the deviation from the ideal reference potential 
can be suppressed to 1/8. 

In this way, the deviation from the ideal reference 
potential can be suppressed small, and therefore when 
a certain operation margin is provided in the sense 
20 amplifier, a ferroelectric memory device operating nor- 
mally more securely will be obtained. 

(Embodiment 2) 

25 FIG. 2 is a memory cell block diagram of a ferroe- 
lectric memory device in a second embodiment of the 
invention, and the constitution and operation of the 
embodiment are described by referring to the diagram. 
The constitution of the embodiment is basically 

30 same as in the first embodiment, including the electric 
connection, except for the following points. 

That is, it is a feature of the embodiment that ferro- 
electric capacitors for reference memory cells CDOO to 
CD31, reference potential generating circuit including 

35 equalizing circuits, and cell plate driver CPD are 
arranged near the center of the length direction of bit 
lines as shown in FIG. 2. 

The equalizing circuit in the embodiment is com- 
posed of a first equalizing circuit A and a second equal- 

40 izing circuit B as shown in FIG. 2. 

That is, the first equalizing circuit A is a circuit com- 
posed of N-channel MOS transistors TrO, Tr3, Tr6, Tr8, 
etc. More specifically, the equalizing circuit is a circuit 
for averaging the potentials when various data stored in 

45 the ferroelectric capacitors for reference memory cells 
CDOO. CD10. CD20, CD30 are read out as potentials 
from the bit lines /BLO. /BL1, /BL2, /BL3. The averaged 
potential is generated in signal line EQO. 

Same as the first equalizing circuit A, the second 

so equalizing circuit B is provided. That is, the second 
equalizing circuit B is a circuit for averaging the poten- 
tials when various data stored in the ferroelectric capac- 
itors for reference memory cells CD01, CD11. CD21, 
CD31 are read out as potentials from the bit lines BLO. 

55 BL1, BL2. BL3. The averaged potential is generated in 
signal line EQ1 . 

By arranging the reference potential generating cir- 
cuit nearly in the center of the length direction of the bit 
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lines as shown in the diagram, the following effects are 
brought about. 

That is, if there is a variance in characteristics 
depending on the location of the ferroelectric capaci- 
tors, since the ferroelectric capacitors for reference 
memory cells are located near the center of the ferroe- 
lectric capacitor grot?) for main body memory cells, the 
effects may be minimized. 

Similarly, by arranging the ceil plate driver CPD at 
the right side of the bit line /BL3 and near the center of 
the length direction of the bit lines as shown in the dia- 
gram, ine foi lowing effects are brought aboui. 

That is, the effect of delay difference in driving tim- 
ing by the cell plate driver CPD is decreased, and high 
speed operation is enabled. For example, between 
when the ferroelectric capacitor for main body memory 
cell COO is selected, and when the ferroelectric capaci- 
tors for main body memory cell C06 is selected, the 
delay difference in the timing of cell plate signal can be 
decreased. More specifically, in FIG. 2, the timing delay 
difference is about naff that of the constitution shown in 
FIG. 1. 

(Embodiment 3) 

FIG. 3 is a memory eel ttock diagram of a ferroe- 
lectric memory dew* n a turd embodiment of the 
invention, and the consnubon and operation of the 
embodiment are deserted by retemng to the diagram. 

The constitution of tt* embodiment is basically 
same as in the first emtxxfcment except for the following 
points. 

That is, it is a ttst feature of the embodiment that 
ferroelectric capacitors tor reference memory cells are 
dispersed in plural positions wi the length direction of the 
bit lines. 

More specifically the ferroelectric capacitors for ref- 
erence memory cells CO00, CD01, CD10, CD11 are 
located near the sense amplifiers SAO, SA1, and the 
ferroelectric capacitors tor reference memory cells 
CD20, CD21, CD30. CD31 are located away from the 
sense amplifiers SA2, SA3. 

It is a second feature that, as shown in FIG 3. an 
equalizing circuit D is positioned near the center of the 
length direction of the bit lines 

By thus dispersing the ferroelectric capacitors for 
reference memory cells, the effect of variance of char- 
acteristics of the ferroelectric capacitors in layout can be 
decreased, and when the H (high) data and L (low) data 
are averaged, the effect due to difference in the time dif- 
ference in the length direction of the bit lines of the aver- 
aged potential can be decreased, and it is also effective 
for high speed operation. 

That is. as shown in FIG. 3. the cell plate signal line 
connected to the ferroelectric capacitors for reference 
memory cells CD00, CD10 is close to the cell plate driv- 
ing circuit CPD, and hence the potential occurs early. 
On the other hand, the cell plate signal line connected to 



the ferroelectric capacitors for reference memory cells 
CD20, CD30 is remote from the cell plate driving circuit 
CPD, and hence the potential occurs late. By averaging 
these ferroelectric capacitors for reference memory 
5 cells CD00, CD10, and CD20, CD30, the occurrence 
speed of the reference potentials is averaged. There- 
fore, effects of difference in reference potentials due to 
time difference in the length direction of the bit lines can 
be decreased. 

10 Herein, the bit line equalizing circuits for generating 
reference potentials are located at one position near the 
cenier of ine length direction of the bii lines, but they 
may be also located at the near side and remote side of 
the sense amplifiers. It is also possible to install the fer- 

is roelectric capacitors for reference memory cells near 
the center of the length direction of the bit lines. 

Other example shown in FIG. 4 is described briefly. 
In this example, as shown in the diagram, as com- 
pared with the constitution explained in FIG. 3, what dH- 

20 fers is that the cell plate driver CPD is located 
substantially in the center of the array of a plurality of bit 
lines and along the array. The other constitution is same 
as shown in FIG. 3, and its explanation is omitted. 
As a result, the length from the ceil plate signal line 

25 CP to each ferroelectric capacitor for reference memory 
cell is uniform. Accordingly, the location dependence of 
the delay time in driving of the ceil plate driving circuit 
CPD is small, and the timing difference is small. 

30 (Embodiment 4) 

FIG. 5 is a memory cell block diagram of a ferroe- 
lectric memory device in a fourth embodiment of the 
invention, and the constitution and operation of the 

35 embodiment are described by referring to the diagram. 
It is a feature of the fourth embodiment that one fer- 
roelectric capacitor for reference cell memory is selec- 
tively connected to plural bit lines, so that the layout 
area of the ferroelectric capacitors for reference mem- 

40 ory cells for generating reference potentials can be 
saved. 

In the memory cell composition, as shown in FIG. 5, 
bit lines BLO to BL3, and /BLO to /BL3 are connected to 
sense amplifiers SAO to SA3. To the bit lines BU) to 

45 BL3, ferroelectric capacitors for main body memory 
cells COO, C10, C20, C30 are connected through an N- 
channel MOS transistor having word line WLO as its 
gate. To the bit lines /BLO to /BL3, ferroelectric capaci- 
tors for reference memory cells CD00, CD10, CD20, 

so CD30 are connected respectively through an N-channel 
MOS transistor having reference word line RWLO as Hs 
gate. To the bit lines BLO to BL3, moreover, the ferroe- 
lectric capacitors for reference memory cells CD00. 
CD1 0. CD20, CD30 are connected respectively through 

55 an N-charmel MOS transistor having reference word 
line RWL1 as its gate. That is, the ferroelectric capaci- 
tors for reference memory cells CDOO, CD10, CD20, 
CD30 can be connected to both bit lines BLO to BL3, 
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and bit lines /BLO to /BL3. 

The ferroelectric capacitors COO to C37, CDOO to 
CD31 are connected to a cell plate signal line CP driven 
by a cell plate driver CPD. The bit tines /BLO to /BL3 are 
connected through an N-channe! MOS transistor having 
reference word line RWLO as its gate. The bit lines BLO 
to BL3 and ferroelectric capacitors for reference mem- 
ory cells CDOO. CD10, CD20. CD30 are connected 
through an N-channel MOS transistor having the refer- 
ence memory cell rewrite signal line REWO as its gate. 

The sense amplifier SAO is controlled by the sense 
amplifier control signals /SAP, SAN, and the circuit is 
composed so that the precharge of the bit lines BLO to 
BL3 and /BLO to /BL3 is controlled by the bit line pre- 
charge signal BP. 

In the fourth embodiment, too, same as in the first 
embodiment, using four ferroelectric capacitors nearly 
in the same size as the ferroelectric capacitors for main 
body memory cells, H (high) data is read out from two of 
them, and L (low) data from the other two, and these 
data are averaged. 

Thus, in the ferroelectric memory device of the 
embodiment, in the case the word line WLO is selected, 
the reference potential utilized when reading out the 
potentials of the bit lines BLO. BL1 , BL2, BL3 is the aver- 
age value of the ferroelectric capacitors for reference 
memory cells CDOO, CD 10, CD20, and CD30. This 
average is read out from the bit lines /BLO. /BL1, /BL2, 
and /BL3 

In the case the word line WL1 is selected, the role 
of the txi line pair is reverse, but the same ferroelectric 
capacitors tor reference memory cells as above are 
used 

Therefore, in the constitution shown in FIG. 5, for 
eight word lines WLO to WL7, there is one type of refer- 
ence potential The first ferroelectric memory cell of the 
invention corresponds, for example, to the ferroelectric 
capacitors tor reference memory cells CDOO, CD20, 
and the second ferroelectric memory cell corresponds 
to the ferroelectric capacitors for reference memory 
cells CD10. CD30. 

Herein, one ferroelectric capacitor for reference 
memory cell is shared by a pair of two bit lines, but it 
may be also shared by more bit lines. As in the fourth 
embodiment, the layout of sharing by a pair of two bit 
lines is small in the number of layers and is relatively 
simple. The layout area of the fourth embodiment is half 
in the number of ferroelectric capacitors for reference 
memory cells as compared with the first embodiment. 

Incidentally, the reference potential generating cir- 
cuit and the bit line equalizing circuit fa generating ref- 
erence potential can be also installed near the center of 
the length direction of the bit lines. 

Other example shown in FIG. 6 is briefly described. 

As shown in the diagram, this embodiment is a dif- 
ferent example of the embodiment shown in FIG. 5, 

That is, in FIG. 5. for example, the ferroelectric 
capacitor for reference memory cell CDOO is shared by 



a pair of bit lines (for example, a pair of bit lines BLO and 
/BLO connected to a certain sense amplifier SAO). By 
contrast, in FIG. 6. it is shared between different pairs of 
bit lines. For example, as shown in FIG. 6, the ferroelec- 

5 trie capacitor for reference memory cell CDOO is shared 
between the bit line /BLO and bit line BL1 . 

Thus according to the embodiment, since the ferro- 
electric capacitor for reference memory cell is shared by 
different word lines, the number of the ferroelectric 

io capacitors for reference memory cells can be saved 
same as in the above embodiment. 

Therefore, in the embodiment, if there are fluctua- 
tions in the ferroelectric capacitors for reference mem- 
ory cells, a nearly ideal reference potential can be 

15 obtained. 

Moreover, by the layout of ferrodielectric capacitor 
for reference memory cell or equalizing circuit, a more 
ideal reference potential may be obtained, and it is 
effective to realize a ferrodielectric memory device of 

20 high speed operation. 

Moreover, the layout area of ferroelectric capacitors 
for reference memory cells for generating reference 
potentials can be reduced. 

As clear from the description so far, according to 

25 the invention as set forth in claim 1 , since the potentials 
being read out from, for example, a plurality of ferroelec- 
tric capacitors for reference memory cells for storing 
data of high level, and a plurality of ferroelectric capaci- 
tors for reference memory cells for storing data of low 

30 level are averaged, if there are fluctuations in the ferro- 
electric capacitors for reference memory cells, the 
effects are small, and a reference potential having a 
smaller fluctuation than in the prior art can be obtained. 
In addition, since the equalizing circuit is connected 

35 between plural bit lines, it is effective to save the layout 
area of ferroelectric capacitors for reference memory 
cells for generating reference potentials. 

According to the invention as set forth in claim 2, 
relating to the invention of claim 1 , for example, by con- 

40 necting the equalizing circuit between plural bit lines 
and locating near the center of the length direction of 
the bit lines, effects by location of equalizing state of bit 
lines can be decreased, and a nearly ideal reference 
potential can be obtained at each position of bit lines. 

45 According to the invention as set forth in claim 3, 
relating to the invention of claim 1 , for example, by con- 
necting the ferroelectric capacitor for reference memory 
cell to plural bit lines, and locating near the center of the 
length direction of the bit lines, effects due to locations 

so of the ferroelectric capacitors for reference memory 
cells and ferroelectric capacitors for main body memory 
cells are decreased, and if there are fluctuations among 
the ferroelectric capacitors for reference memory cells, 
the effects are small, and a nearly ideal reference 

55 potential can be obtained. 

According to the invention as set forth in claim 4, 
relating to the invention of claim 1 , for example, by con- 
necting the ferroelectric capacitor for reference memory 
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cell to plural bit lines, and locating near the center of the 
length direction ol the bit lines, effects due to locations 
of the ferroelectric capacitors for reference memory 
cells and ferroelectric capacitors for main body memory 
celts are decreased, and rf there are fluctuations among 
the ferroelectric capacitors for reference memory cells, 
the effects are small, and a nearly idea) reference 
potential can be obtained. 

According to the invention as set forth in claim 5, 
nearly same as in the invention of claim 6, for example, 
effects of delay difference in driving timing by cell plate 
driver CPD can be decreased, and high speed opera- 
tion is realized. 

According to the invention as set forth in any one of 
claims 2 to 6. a nearly ideal reference potential can be 
obtained, so that it is effective for realizing a ferroelectric 
memory device capable of operating at high speed. 

According to the invention as set forth in claim 7, for 
example, by connecting a certain ferroelectric capacitor 
for reference memory ceil to plural bit lines through a 
switch element, the layout area of the ferroelectric 
capacitors for reference memory cells for generating 
reference potentials is smaller than in the prior art. Also 
combining with the constitution of claim 1, effects of 
fluctuations of ferroelectric capacitors for reference 
memory cells are small, and a nearly ideal reference 
potential is obtained, while the layout area is saved. 

According to the invention as set forth in claim 8, for 
example, by connecting one ferroelectric capacitor for 
reference memory cell to a pair of two bit lines con- 
nected to sense amplifiers through switch elements, the 
layout area of the ferroelectric capacitors for reference 
memory cells for generating reference potentials is 
smaller than in the prior art. In this case, as compared 
with the above example, since only the ferroelectric 
capacitor for reference memory cell is shared by a pair 
of two bit lines, the frequency of use of ferroelectric 
capacitor for reference memory cell is low. which is 
advantageous for the service life. It is only required to 
install switch elements between a pair of two confront- 
ing bit lines, and hence the layout area is small. 

INDUSTRIAL APPLICABILITY 

As described herein, the ferroelectric memory 
device of the invention comprises, for example, a plural- 
ity of first ferroelectric memory cells for storing substan- 
tially data of high level, a plurality of second ferroelectric 
memory cells for storing substantially data of low level, 
equalizing circuit means for averaging the potentials 
being read out from the first and second ferroelectric 
memory cells, and reading means for reading out the 
data stored in the ferroelectric capacitors for main body 
memory ceils, by utilizing the averaged potential as a 
reference potential, and therefore fluctuations of the ref- 
erence potential may be suppressed further as com- 
pared with the prior art. 



Claims 

1 . A ferroelectric memory device for storing nonvola- 
tile data in ferroelectric capacitors for main body 

5 memory cells, comprising; 

a plurality of first ferroelectric memory cells for 

storing substantially data of high level. 

a plurality of second ferroelectric memory cells 

10 for storing substantially data of low level, 

equalizing circuit means for averaging the 
potentials being read out from the first and sec- 
ond ferroelectric memory cells, and 
reading means for reading out the data stored 

is in the ferroelectric capacitors for main body 

memory cells, by utilizing the averaged poten- 
tial as a reference potential. 

2. A ferroelectric memory device of claim 1 , wherein 
20 word lines for selecting the ferroelectric capacitors 

for main body memory cells and bit lines used in 
reading of the potentials are arranged in a matrix, a 
memory cell array is composed of the ferroelectric 
capacitors for main body memory cells, and 
25 the equalizing circuit means is connected to 

part or whole of the bit lines, out of the plural bit 
lines, and located near a center of a length direction 
of the bit lines. 

30 3. A ferroelectric memory device of claim 1 , wherein 
word lines for selecting the ferroelectric capacitors 
for main body memory cells and bit lines used in 
reading of the potentials are arranged in a matrix, a 
memory cell array is composed of the ferroelectric 

35 capacitors for main body memory cells, and 

the first and second ferroelectric memory 
ceils are connected to part or whole of the bit lines, 
out of the plural bit lines, and located near a center 
of a length direction of the bit lines. 

40 

4. A ferroelectric memory device of claim 1 , wherein 
word lines for selecting the ferroelectric capacitors 
for main body memory cells and bit lines used in 
reading of the potentials are arranged in a matrix, a 

45 memory cell array is composed of the ferroelectric 
capacitors for main body memory cells, and 

the first and second ferroelectric memory 
cells are connected to the plural bit lines, and dis- 
persed at plural positions in a length direction of the 

so bit lines. 

5. A ferroelectric memory device of claim 1 , wherein 
word lines for selecting the ferroelectric capacitors 
for main body memory cells and bit lines used in 

55 reading of the potentials are arranged in a matrix, a 
memory cell array is composed of the ferroelectric 
capacitors for main body memory cells, and 

the cell plate driving means is located near a 
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center of a length direction of the bit lines. 

6. A ferroelectric memory device of claim 1, further 
comprising: 

5 

ceil plate driving means for applying a speeded 
potential to the ferroelectric capacitors for main 
body memory cells, 

wherein word lines for selecting the ferroelec- 
tric capacitors for main body memory cells and 10 
bit lines used in reading of the potentials are 
arranged in a matrix, a memory cell array is 
composed of the ferroelectric capacitors for 
main body memory cells, and 
the cell plate driving means is located substan- 15 
tiaily near a center of the anay of the plurality of 
bit fines. 

7. A ferroelectric memory device for storing nonvola- 
tile data in ferroelectric capacitors for main body 20 
memory cells, wherein word lines for selecting the 
ferroelectric capacitors for main body memory cells 
and bit lines used in reading of the potentials from 

the ferroelectric capacitors for main body memory 
cells are arranged in a matrix, comprising: 25 

a ferroelectric memory cell for reference shared 
for the different word lines, and 
reading means for reading out the data of the 
ferroelectric capacitors for main body memory 30 
cells, by utilizing the reference potential 
obtained on the basis of the potential being 
read out from the ferroelectric memory cell for 
reference. 

35 

8. A ferroelectric memory device of claim 7, wherein 
the ferroelectric memory cell for reference is con- 
nected through switch elements corresponding to a 
pair of two bit lines connected to sense amplifiers. 
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